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Guava (Psidium guajava) 13-Hydroperoxide Lyase 
and Uses Thereof 

BACKGROUND OF THE INVENTION 

This application is a divisional of and claims the benefit of U.S. Serial No. 
09/578,533, filed May 24, 2000, which is a pending application, and which claims 
priority to U.S. Serial No. 09/078,173, filed May 13, 1998, which has issued as U.S. 
Patent No. 6,200,794 Bl, both of which are incorporated herein by reference in their 
entirety. 

Field of the Invention 

The present invention relates to fatty acid 13 -hydroperoxide lyase protein from 
guava (Psidium guajava) and the gene encoding the protein. The present invention also 
relates to the means for expressing guava 13 -hydroperoxide lyase and methods of using 
guava 13-hydroperoxide lyase in the field of organic synthesis. 

Background Art 

Green notes, which include n-hexanal, hexan-l-ol, 2(£)-hexen-l-al, 
2(£)-hexen-l-ol and 3(Z)- hexen-l-ol (also known as pipol), are used widely in flavors, 
particularly fruit flavors, to impart a fresh green character. Furthermore, green notes 
are essential for fruit aroma and are used extensively in the aroma industry. The 
demand for natural green notes has grown to exceed their supply from traditional 
sources such as mint (Mentha arvensis) oil. This has motivated research efforts toward 
finding alternative natural ways of obtaining these materials. 

The synthesis of green note compounds starts from free (polyunsaturated) fatty 
acids such as linoleic (9(Z), 12(Z)-octadecadienoic) and a-linolenic (9(Z), 12(Z), 
15(Z)- octadecatrienoic) acids. In nature, these acids are released from cell membranes 
by lipolytic enzymes after cell damage. Fatty acid 13 -hydroperoxides are formed by the 
action of a specific lipoxygenase (13-LOX) and are subsequently cleaved by a specific 
13-hydroperoxide lyase (13-HPOL) into a C-6 aldehyde and a C-12 w-oxoacid moiety. 



The aldehydes can subsequently undergo thermal isomerization and/or be reduced by 
dehydrogenase enzymes to give the other C-6 products (i.e., green notes) mentioned 
above (Hatanaka, 1993; Hatanaka, et al., 1987). 

The enzyme 13-HPOL has proven difficult to study because it is membrane 
bound and is present in only small quantities in plant tissue. It was identified for the 
first time in banana fruits (Tressl and Drawert, 1973) and was subsequently studied in a 
number of different plant materials, including watermelon seedlings (Vick and 
Zimmerman, 1976), apple and tomato fruits (Schreier and Lorenz, 1982), tomato leaves 
(Fauconnier et al., 1997), cucumber seedlings (Matsui, et al, 1989), and soybean 
seedlings (Olias et al., 1990). The enzyme has been purified to apparent homogeneity 
from tea leaves (Matsui et al, 1991) and, more recently, from green bell pepper fruits 
(Shibata et al., 1995), tomato leaves (Fauconnier et al., 1997), and banana (European 
Patent Application, Publication No. EP 0801 133 A2). The various characteristics of 
13-HPOLs that have been studied are summarized in Table 1 . 



Table 1 - Summary of the Properties of 13-HPOL from Different Sources 



Enzyme 
Source 


Native 
Mass 
(kD) 


Sub-Unit 
Structure 


Structure 


pH 
Optimum 


pi 


Cucumber 








8.0 




Green 
pepper 


170 


55 


Trimer 






Soybean 
seedlings 


240-260 


62 


Tetramer 


6.0-7.0 




Tea leaves 




53 and 55 




7.5 




Tomato 
fruits 


200 






5.5 


5.8-6.1 


Watermelon 


>250 






6.0 - 6.5 




Tomato 
leaves 


216 


73 


Trimer 


7.0 


4.9 
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Guava has recently been identified as an excellent source of freeze-stable 
13-HPOL for use in this synthetic pathway. Guava 13-HPOL is currently used in an 
industrial process for the production of green notes (U.S. Pat. No. 5,464,761). In this 
process, a solution of the required 13-hydroperoxides is made from linoleic or linolenic 
5 acid (obtained from sunflower and linseed oils, respectively) using freshly prepared 
soybean flour as a source of 13-LOX. This solution is then mixed with a freshly 
prepared puree of whole guava (Psidium guajava) fruit, as the source for 13-HPOL. 
The aldehyde products are then isolated by distillation. When the alcohols are required, 
fresh baker's yeast is added to the hydroperoxide solution before it is mixed with the 
10 guava puree. This yeast contains an active alcohol dehydrogenase enzyme that reduces 
the aldehydes as they are formed by 13-HPOL. 

There are a number of disadvantages to this industrial process. The principal 
disadvantage is the requirement of large quantities of fresh guava fruit. Such a 
1 5 requirement means that the process has to be operated in a country where fresh guava 
fruit is cheaply and freely available. Even when such a site is found, availability is 
limited to the growing season of the fruit. Good quality guava fruit, for example, is 
only available for ten months of the year in Brazil. 

20 A second disadvantage is that the desired enzyme activities are rather dilute in 

the sources employed. This means that relatively large amounts of soy flour (5%), 
guava puree (41%) and yeast (22%) have to be used in the process. The large volumes 
of these crude materials that are required for industrial production place physical 
constraints on the yields of green notes that can be achieved. 

25 

A third disadvantage is that it is a large-volume batch process, which, by its 
nature, does not make maximum use of the 13-HPOL enzyme's catalytic activity, is 
relatively labor intensive and generates a large amount of residual organic material. 
The residual organic material must subsequently be transported to a compost farm or 
30 otherwise discarded. 



The present invention overcomes these limitations and disadvantages related to 
the source of guava 13-HPOL by providing purified and recombinant guava 13-HPOL 
proteins, nucleic acids, expression systems, and methods of use thereof. 

SUMMARY OF THE INVENTION 

The present invention provides a fatty acid 13 -hydroperoxide lyase (13-HPOL) 
and a nucleic acid encoding the lyase. In particular, it provides a guava-derived protein 
having 13-hydroperoxide lyase function and a nucleic acid encoding such protein. The 
present invention further provides a nucleic acid which specifically hybridizes with the 
nucleic acid encoding guava 13-hydroperoxide lyase under stringent conditions and 
which does not hybridize at the same stringent conditions to the nucleic acid encoding 
green pepper or banana 13-hydroperoxide lyase. 

The present invention also provides means for expressing recombinant 13- 
hydroperoxide lyase. Specifically, a vector for the expression of a guava 13- 
hydroperoxide lyase comprising the nucleic acid of the present invention and cells 
containing the exogenous nucleic acid of the present invention are provided. Also 
provided is a method of expressing the recombinant protein produced by the 
transformed cells comprising optimizing active lyase function of the recombinant 
protein. 

The present invention further provides methods of using recombinant 13- 
hydroperoxide lyase. Specifically, the present invention provides a method of cleaving 
a 13-hydroperoxide of linoleic acid into a n-hexanal and a C 12 -oxocarboxylic acid. 
Also provided is a method of preparing n-hexanal, 3-(Z)-hexen-l-al, 2-(E)-hexen-l-al, 
or their corresponding alcohols from 13-hydroperoxy-octadeca-9,ll-dienoic acid or 13 
hydroperoxy-octadeca-9 ,11, 1 5-trienoic acid. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 shows the alignment of derived full length amino acid sequence for 
guava (SEQ ID NO:6), green pepper (SEQ ID NO:25), and banana (SEQ ID NO:26) 
13 -hydroperoxide lyases. The numbering system used is that of guava 13- 
hydroperoxide lyase. Amino acid residues that are identical in all three sequences are 
indicated by boxes with dashed lines. Similar amino acids are indicated by boxes with 
solid lines. Start sites are indicated by bold text. Deletions/insertions are indicated by 
solid black boxes. 

Figure 2 shows the complete cDNA sequence (SEQ ID NO:27) and derived 
amino acid sequence (SEQ ID NO:6) for guava 13 -hydroperoxide lyase. The Met-1, 
Met-6, Met-9, and Met- 13 start sites are indicated. Also indicated are peptides that 
correspond to the HPLC peaks 12, 13, and 15, and the cysteine of the heme binding site 



m 

* 15 at residue 450. 



DETAILED DESCRIPTION OF THE INVENTION 

As used in the specification and in the claims, "a" can mean one or more, 
20 depending upon the context in which it is used. 

The present invention provides a guava fatty acid 13-HPOL and a nucleic acid 
encoding the lyase. In particular, it provides a guava-derived protein having 13-HPOL 
function and a nucleic acid encoding such polypeptide or protein. The term "protein" 
25 refers to a polymer of amino acids and can include full-length proteins and 
polypeptides and fragments thereof. 

In the present invention, "lyase" means a protein having at least one lyase 
function. In particular, the term "13-hydroperoxide lyase" and "functional 13- 
30 hydroperoxide lyase" means a lyase protein having at least one function exhibited by 
native 13-hydroperoxide lyase. For example, 13-HPOL function can include the 
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catalytic activity of cleaving a fatty acid 13 -hydroperoxide into a C-6 aldehyde and a C- 
12-co-oxoacid moiety. Additionally, the protein can have the following characteristics 
of 13-HPOL: antigenic determinants, binding regions, or the like. A lyase can 
comprise additional amino acids, such as amino acids linked to the N-terminal end, or 
5 amino acids linked to the C-terminal end or amino acids inserted within the lyase 
sequence, as long as the resulting protein or peptide retains a lyase function. 

The 13-HPOL was purified to apparent homogeneity from guava fruit, and the 
nucleotide sequence for the full-length gene was determined to be 1467 base pairs 
10 (SEQ ID NO: 10). The translated sequence encodes a total of 488 amino acids (SEQ ID 
NO: 6), corresponding to a protein with a calculated molecular weight of 54,817 
Daltons, a molar extinction coefficient (at 280nm) of 63,590 ± 5% and an isoelectric 
point of 7.29. 

15 

As shown in Figure 1, the derived full length amino acid sequence shows a 
degree of homology to the 13-HPOL gene that was recently cloned from green pepper 
{Capsicum annuum) (Matsui et al., FEBSLett., 1996) and banana (Musa sp.) (European 
Patent Application, Publication No. EP 081133 A2). Taking into account deletions and 

20 insertions, the alignment reveals that, of the amino acids that overlap with the green 
pepper sequence (480), 324 are identical and a further 40 are similar (similar amino 
acids are S, T; D, E; N, Q; R, K; I, L, M, A, V; F, Y, W; whereas G, C, P and H are not 
considered to have equivalents). This means that the green pepper amino acid sequence 
and the full length guava amino acid sequence have an identity (homology) of only 

25 approximately 67% and a similarity of only approximately 76%. Of the amino acids 
that overlap with the banana sequence (483), 280 are identical and a further 48 are 
similar. This means that the banana and guava sequences have an identity (homology) 
of only approximately 58% and a similarity of only approximately 68%. 

30 There are significant differences between the guava 13-HPOL and the green 

pepper and banana 13-HPOLs (Figure 1). Comparison of the amino acid sequences for 
the three proteins shows that both the pepper and banana sequences are shorter than the 
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full length guava sequence. Moreover, the guava gene contains four possible start sites 
within the first 13 amino acids (methionines 1, 6, 9 and 13), whereas the pepper 
sequence has only two, corresponding to guava-Met9 and guava-Metl3, and the banana 
sequence has three, one at residue 8 and two corresponding to guava-Met6 and guava- 
5 Met9. In addition, the guava sequence contains a unique region at residues 16-22 (T Y 
P P S L S) (SEQ ID NO: 1), which both the green pepper and banana sequences lack. 
The unique region can further include residues 16-23 (T Y P P S L S P) (SEQ ID NO: 
20); 16-25 (TYPPSLSPPS) (SEQ ID NO: 21); 16-27 (TYPPSLSPPSSP) 
(SEQ ID NO: 22); 16-28 (TYPPSLSPPSSP R) (SEQ ID NO: 23); 16-29 (T Y P 
10 PSLSPPSSPRP) (SEQ ID NO: 24). In addition, other amino acid and nucleotide 
sequences encoding 13-HPOL are unique to guava. 

Thus, the present invention provides an isolated protein comprising a fatty acid 
13-hydroperoxide lyase comprising the amino acid sequence set forth in SEQ ID NO:l, 

15 i.e., comprising the amino acid residues found at residues 16-22 of the guava 13-HPOL. 
The lyase, in addition to having the amino acid residues set forth in SEQ ID NO: 1, can 
comprise additional amino acid residues so long as the protein retains its lyase function. 
Examples of such lyases include the fatty acid 13-hydroperoxide lyase isolated from 
Psidium guajava, such as those set forth in SEQ ID NO:2 (guava 13-HPOL Metl3), 

20 SEQ ID NO:3 (guava 1 3-HPOL Met9), SEQ ID NO:4 (guava 13-HPOL Met6), and 
SEQ ID NO:6 (guava 13-HPOL Metl). 

It should be noted that active lyase enzyme is obtained upon expression of the 
guava protein with the sequence including all four of the methionines (guava-Metl), or 
25 with the shorter sequences including three (guava-Met6), two (guava-Met9), or only 
one methionine (guava-Metl 3). Enzyme activity is three-fold higher when only two 
(guava-Met9) or one (guava-Metl 3) methionines are included in the expressed protein. 

The present invention additionally provides a fatty acid 13-hydroperoxide lyase 
30 comprising at its N-terminus the first eight amino acids of the guava 13-HPOL, i.e., the 
amino acid sequence set forth in SEQ ID NO:5. For example, the invention provides a 
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protein having the amino acid sequence set forth in SEQ ID NO:6. The term "at its N- 
terminus" refers to the amino acid residues at the amino terminus of the full length 
lyase, wherein there may be additional residues attached to the amino terminus of the 
full length protein. More specifically, the amino acid sequence of the fatty acid 13- 
5 hydroperoxide lyase with the amino acid sequence of SEQ ID NO: 5 at its N- terminus 
can be an amino acid sequence present in fatty acid 13 -hydroperoxide lyase isolated 
from Psidium guajava. 

As will be appreciated by those skilled in the art, the invention also includes 
1 0 those proteins having slight variations in amino acid sequences or other properties. 
Such variations may arise naturally as allelic variations (e.g., due to genetic 
polymorphism) or may be produced by human intervention (e.g., by mutagenesis of 
cloned DNA sequences), such as induced point, deletion, insertion and substitution 
mutants. When such variations occur, minor changes in amino acid sequence are 
15 generally preferred, such as conservative amino acid replacements, small internal 
deletions or insertions, and additions or deletions at the ends of the molecules. 
Substitutions may be designed based on, for example, the model of Dayhoff, et al, 
1978. These modifications can result in changes in the amino acid sequence, provide 
silent mutations, modify a restriction site, or provide other specific mutations. 

20 

The present invention further provides isolated nucleic acids comprising nucleic 
acids encoding the proteins of the present invention. For example, the nucleic acid set 
forth herein as SEQ ID NO: 7 provides a nucleotide sequence for a nucleic acid that 
encodes the 13-HPOL comprising the amino acid set forth in SEQ ID NO:l, i.e., 

25 comprising the amino acid residues found at residues 16-22, 16-23, 16-25, 16-27, 16- 
28, or 16-29 of the guava 13-HPOL and, more specifically, the guava 13-HPOL Metl3 
as set forth in SEQ ID NO:2. Other examples of such nucleic acids are the nucleic 
acids having the nucleotide sequence set forth herein as SEQ ID NO:8, which encodes 
the guava 13-HPOL Met9 set forth in SEQ ID NO: 3 and SEQ ID NO:9, which encodes 

30 the guava 13-HPOL Met6 set forth as SEQ ID NO:4. Yet another example is SEQ ID 
NO: 10, which encodes the protein comprising a fatty acid 13-HPOL comprising at its 
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N-terminus the amino acid sequence set forth in SEQ ID NO:5 and more specifically 
the guava 13-HPOL Metl as set forth in SEQ ID NO:6. Additional nucleic acids 
encoding these proteins can readily be made, utilizing the degeneracy of the genetic 
code. Additionally, a nucleic acid encoding any selected protein can readily be made, 
5 based upon the genetic code, as known in the art. Nucleic acids can be obtained by any 
of several means known in the art. For example, cDNAs can be isolated from a library 
using a probe derived from the present nucleic acids or polypeptides, or nucleic acids 
can be directly synthesized mechanically. The nucleic acids can be double or single- 
stranded depending upon the purpose for which it is intended. 

10 

The present invention further provides an isolated nucleic acid which 
specifically hybridizes with the nucleic acid of SEQ ID NO:7 (i.e., the nucleotide 
sequence encoding guava 13-HPOL Metl3 as set forth in SEQ ID NO.2) under 
stringent conditions of hybridization and which does not hybridize at the stringent 

1 5 conditions to the nucleic acid set forth in SEQ ID NO: 1 1 (i.e., the nucleotide sequence 
of green pepper 13-HPOL) or SEQ ID NO:12 (i.e., the nucleotide sequence of banana 
13-HPOL). Preferably, the isolated nucleic acid has at least 99, 98, 97, 95, 90, 85, 80, 
75, or 70% complementarity with the sequence to which it hybridizes. More 
preferably, the isolated nucleic acid encodes a functional 13-HPOL. The nucleic acid 

20 can also be a probe or a primer, for example, to detect or amplify target nucleic acids. 
Typically, a unique nucleic acid useful as a primer or probe will be at least about 20 to 
about 25 nucleotides in length, depending upon the specific nucleotide content of the 
sequence. Additionally, fragments can be, for example, at least about 30, 40, 50, 75, 
100, 200, or 500 nucleotides in length. Alternatively, a full length sequence or a 

25 sequence that is longer than a full length sequence can be used. 

"Stringent conditions" refers to the hybridization conditions used in a 
hybridization protocol or in the primer/template hybridization in a PCR reaction. In 
general, these conditions should be a combination of temperatures and salt 
30 concentrations for washing chosen so that the denaturation temperature is 

approximately 5-20°C below the calculated T m (melting/denaturation temperature) of 
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the hybrid under study. The temperature and salt conditions are readily determined 
empirically in preliminary experiments in which samples of reference nucleic acid are 
hybridized to the primer nucleic acid of interest and then amplified under conditions of 
different stringencies. The stringency conditions are readily tested and the parameters 
5 altered are readily apparent to one skilled in the art. For example, MgCl 2 

concentrations used in PCR buffer can be altered to increase the specificity with which 
the primer binds to the template, but the concentration range of this compound used in 
hybridization reactions is narrow, and therefore, the proper stringency level is easily 
determined. For example, hybridizations with oligonucleotide probes 1 8 nucleotides in 

10 length can be done at 5-1 0°C below the estimated T m in 6X SSPE, then washed at the 
same temperature in 2X SSPE. The T m of such an oligonucleotide can be estimated by 
allowing 2°C for each A or T nucleotide, and 4°C for each G or C. An 18 nucleotide 
probe of 50% G+C would, therefore, have an approximate T m of 54°C. Likewise, the 
starting salt concentration of an 1 8 nucleotide primer or probe would be about 100-200 

1 5 mM. Thus, stringent conditions for such an 1 8 nucleotide primer or probe would be a 
T m of about 54°C and a starting salt concentration of about 150 mM and modified 
accordingly by preliminary experiments. T m values can also be calculated for a variety 
of conditions utilizing commercially available computer software (e.g., OLIGO®). 

20 Modifications to the nucleic acids of the invention are also contemplated as long 

as the essential structure and function of the protein encoded by the nucleic acids is 
maintained. Likewise, fragments used as primers can have substitutions, so long as 
enough complementary bases exist for selective amplification, and fragments used as 
probes can have substitutions, so long as enough complementary bases exist for 

25 hybridization with the reference sequence to be distinguished from hybridization with 
other sequences. 



30 



Probes of this invention can be used, for example, to screen genomic or cDNA 
libraries or to identify complementary sequences by Northern and Southern blotting. 
Primers of this invention can be used, for example, to transcribe cDNA from RNA and 
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to amplify DNA according to standard amplification protocols, such as PCR, which are 
well known in the art. 

The present invention also provides vectors for the expression of a Psidium 
guajava 13-hydroperoxide lyase comprising the nucleic acids of the present invention. 
More specifically, the vector can be a plasmid. Even more specifically, the vector can 
comprise a promoter functionally linked to one of the nucleic acids of the present 
invention. "Vector" means any carrier containing foreign DNA . "Vectors" include but 
are not limited to plasmids, viral nucleic acids, viruses, phage nucleic acids, phages, 
cosmids, and artificial chromosomes. The vector will typically contain appropriate 
sequences for expression of the 13-HPOL. 

The present invention also provides cells containing an exogenous nucleic acid 
comprising one of the nucleic acids of the present invention. More specifically, the cell 
can be an Escherichia coli or yeast cell. 

The present invention also provides a method of cleaving a 13-hydroperoxide of 
linoleic acid or a-linolenic acid into a C 6 - aldehyde and a C 12 -oxocarboxylic acid 
comprising contacting the recombinant protein produced by the vector of the present 
invention with the 13-hydroperoxide, thereby cleaving the 13-hydroperoxide. 

Further provided is a method of preparing n-hexanal, 3-(Z)-hexen-l-al, 2-(E)- 
hexen-l-al, or their corresponding alcohols from 13-hydroperoxy-octadeca-9,l 1- 
dienoic acid (13-HPOD) or 13 hydroperoxy-octadeca-9,1 1,1 5-trienoic acid (13-HPOT), 
comprising contacting the 13-hydroperoxy-octadeca-9,l 1-dienoic acid or the 13 
hydroperoxy-octadeca-9,1 1,1 5-trienoic acid with the recombinant protein produced by 
the vector of the claimed invention, thereby converting the 13 -hydroperoxy-octadeca- 
9,1 1-dienoic acid into n-hexanal or the 13 hydroperoxy-octadeca-9,1 1,1 5-trienoic acid 
into 3-(Z)-hexen-l-al; and either recovering the n-hexanal or 3-(Z)-hexen-l-al; 
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reducing the n-hexanal into n-hexanol or the 3-(Z)-hexen-l-al into 3-(Z)-hexen-l-ol and 
recovering the hexanol or 3-(Z)-hexen-l-ol; or isomerizing the 3-(Z)-hexen-l-al under 
temperature and pH conditions effective to obtain 2-(E)-hexen-l-al and either 
recovering the formed 2-(E)-hexen-l-al or reducing the 2-(E)-hexen-l-al to 2-(E)- 
hexen-l-ol and recovering the 2-(E)-hexen-l-ol from the medium. 

Also provided is a method of expressing a recombinant protein produced by the 
transformed cell of the invention, comprising optimizing active lyase function of the 
recombinant protein by culturing the cells in the absence of isopropyl P-D- 
thiogalactopyranoside. Active lyase function can be further optimized by culturing the 
cells in the absence of a heme precursor, including, for example, 8 -aminolevulinic acid. 
Active lyase function can be even further optimized by culturing the cells for greater 
than 24 hours and, preferably, for 48 hours at approximately 20-3 0°C, and more 
preferably at 23 °C. 

EXAMPLES OF THE INVENTION 

The present invention is more particularly described in the following examples, 
which are intended as illustrative only since numerous modifications and variations 
therein will be apparent to those skilled in the art. 

EXAMPLE 1 

PURIFICATION OF GUAVA 13-HPOL 

Methods 
Materials 

Unless otherwise stated all chemicals were purchased from Fluka and all HPLC 
columns were purchased from Pharmacia. Pectinex Ultra SP-L was from Novo Nordisk 
Ferment. Immobilon CD membranes were from Millipore. Quick-Stain was obtained 
from Zoion Research Inc. 
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SDS-PAGE 

SDS-PAGE with 6.5 or 10% separating gels was done with the buffer system of 
Laemmli (1970). The gels were stained with Coomassie blue. 

Protein determination 

Protein concentrations were determining using the dye-binding method of 
Bradford (1976). 

Enzyme assays 

13-Hydroperoxides from solubilized linolenic and linoleic acids were produced 
with soybean 13-HPOL (type V, Sigma) according to the method of Vick (1991). 
During the purification, 13-HPOL activity was measured by following the decrease in 
absorption at 234 ran, which represents the disruption of the conjugated diene system in 
the fatty acid hydroperoxide substrate. The assay contained 100 juM of fatty acid 
13 -hydroperoxide in 1 ml of 100 mM potassium phosphate buffer at pH 6.0 (Vick, 
1991). 

Although the above assay was convenient, it did not discriminate between 13- 
HPOL and other enzymes that consume the 13 -hydroperoxides, i.e. allene oxide 
synthase (AOS) (Song and Brash, 1991; Song et al, 1993). Another more specific 
assay for 13-HPOL was used to confirm that the correct enzyme was purified. This 
coupled assay used alcohol dehydrogenase and NADH to reduce the aldehydes from 
the lyase reaction to alcohols. This consumed the NADH and resulted in a decrease in 
absorption at 340 ran (Vick, 1991). 

To verify that the purified enzyme was 13-HPOL, the purified enzyme (50 ^1) 
was incubated for 30 min in 100 mM potassium phosphate buffer pH 6.0 (5 ml) 
containing 60 13-(5)-Hydroperoxy-9(Z), ll(£)-octadecadienoic acid (13-HPOD) or 
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13-GS)-Hydroperoxy-9(Z), 11(E), 15(Z)-octadecatrienoic acid (13-HPOT). Volatiles 
were extracted twice with 1.5 ml diethyl ether. After concentrating the volume to 400 
jA under a stream of nitrogen, 1 /A was analyzed by both GC (Supelcowax 10, 15 m, 
0.53 mm ID column with a temperature gradient 50 to 120°C at 5° mm 1 ) and GC-MS. 
Preparations containing 13-HPOL activity were stored frozen at -20°C and neutral pH 
between each column step. 

The non-volatile C-12 fragment was analyzed by radio-HPLC. Accordingly, 
[ 14 C]-13-(S)- hydroperoxylinoleic acid (52 mCi/mmole) was incubated as above with a 
sample of the purified enzyme for 5 min and the products were analyzed on an 
Ultrasphere C 18 column (5m, 6.4 x 250 mm) using CHCN:H 2 0:acetic acid (glacial) 
(60:40:0.01, 1.1 ml/min) as solvent. The results showed that the major polar product 
had a retention time compatible with that expected of 12-oxo-9(Z)-dodecenoic acid and 
not that of the characteristic a-ketol derivative formed by plant AOSs. 

Purification techniques 

Guava fruits were peeled and the pericarp (fleshy) tissue chopped into small 
pieces. Two volumes of extraction buffer (50 mM sodium phosphate, 1% Triton 
X-100R, 5 mM sodium ascorbate, pH 7.0) were added to 500 g of chopped pericarp and 
homogenized for 2 min in a Sorvall mixer at 4°C. The slurry was stirred for 30 min at 
4°C. After centrifugation at 16,000 x g for 15 min, 0.02% Pectinex Ultra SP-L solution 
was added to destroy pectin, and the slurry was stirred for a further 30 min at room 
temperature to give a preparation referred to as the crude extract (1,600 ml). 

Solid (NH 4 ) 2 S0 4 was added in small portions to the crude extract at 4°C under 
stirring until 30% saturation was achieved. After stirring for a further 30 min, the 
mixture was centrifuged at 20,000 x g for 15 min and the resulting pellet discarded. The 
supernatant was brought to 60% saturation with more solid (NH 4 ) 2 S0 4 added in 
portions. After stirring for 30 min, the pellet was collected by centrifugation as above. 
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The (NH 4 ) 2 S0 4 pellet was dissolved in a minimal volume of extraction buffer (45 ml) 
and chromatographed (5 runs, maximal loading volume 9 ml) on a Superdex 200 HL 
26/60 FPLC gel permeation (GPC) column with 50 mM sodium phosphate, 0.1% 
Triton X-100R, pH 7.0 as running buffer. The flow used was 2 ml min" \ and one 
5 fraction was collected every 2 min. Fractions with 13-HPOL activity (eluting between 
75 ml and 85 ml of the run volume) were pooled. 



The combined fractions were brought to 30% (NH 4 ) 2 S0 4 saturation before 
loading onto a Phenyl-Sepharose HR 26/10 hydrophobic interaction (HIC) column with 
10 loading buffer (50 mM sodium phosphate, 1 M (NH 4 ) 2 S0 4 , pH 7.0). 1 3-HPOL was 
p eluted with a decreasing salt gradient (100 - 0% over 70 min) with 50 mM sodium 

^ phosphate (pH 7.0) containing 0.1% Triton X-100R. The flow used was 8 ml min" 1 and 

4= 

flj one fraction was collected each minute. The fractions with 13-HPOL activity (F20- 33) 

~f% were pooled, concentrated by dialysis against polyethylene glycol 20,000 and then 

1 5 de-salted on a PD- 1 0 column (Pharmacia) against the loading buffer ( 1 0 mM sodium 

□ phosphate, 0. 1 % Triton X- 1 00R, pH 6.8) for hydroxyapatite chromatography. 



The prepared sample was applied to an Econo-Pac HTP column (Biorad). 13- 
HPOL activity was eluted with a gradient from 0-50% of 400 mM sodium phosphate 

20 buffer (pH 6.8), containing 0. 1 % Triton X-100R over 30 min. The flow was 1 ml min 
and one fraction min 1 was collected. Fractions with 13-HPOL activity (F 13-24) were 
pooled, concentrated by dialysis against polyethylene glycol 20,000 and then desalted 
against a loading buffer (75 mM Tris-acetic add, pH 9.3) suitable for isoelectric 
focusing chromatography (IFC). The prepared sample was applied to a Mono P HR 

25 5/20 column. 13-HPOL activity was eluted with 10% Polybuffer 96 - acetic add, pH 
6.0. The flow used was 0.5 ml min 1 . One fraction was collected every 2 min. 
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Results 

The results of the purification steps are summarized in Table 2. 
Table 2 - Purification of 13-HPOL from Guava Fruit 



Purification 
Step 


Total 
Protein 
(mg) 


13-HPOL 

Activity 
(nkat) 


Recovere 
d Activity 

(%) 


Specific 13- 
HPOL 
Activity 
(nkat mg" 1 ) 


P u y i fl c <i t i o 
n Factor 


Crude extract 


1,111 


172,050 


100.0 


155 




30-60% 

(NH 4 ) 2 S0 4 pellet 


762 


62,300 


36.2 


82 




GPC 


39 


32,640 


19.0 


837 


5.4 


HIC 


16 


15,160 


8.8 


947 


6.1 


Hydroxylapatite 


1.6 


6,500 


3.8 


4,062 


26.2 


IFC 


0.03 


317 


0.2 


10,566 


68.2 



SDS-PAGE analysis of samples from the purification showed that the sample 
after the chromato focusing step contained just one, apparently homogenous, band with 
an apparent molecular weight of 50 kD. 

The results from the GPC step indicated that the guava 13-HPOL had a 
molecular mass of 200 kD. This result, when taken together with the SDS-PAGE 
analysis of subunit size (50 kD), suggests that the enzyme is a homotetramer. This 
structure is consistent with data reported for soybean 13-HPOL but inconsistent with 
data for the enzyme from green pepper fruits and tomato, indicating that the enzymes 
from green pepper and tomato are trimeric. 

The 13-HPOL purified from guava fruit tissue had a broad pH optimum of 
around 6.0-8.0 and a pi of 6.8 as determined by chromatofocusing. 
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EXAMPLE 2 

TRYPTIC DIGEST AND AMINO ACID SEQUENCE DETERMINATION 
Methods 

Fractions of purified 13-HPOL were concentrated and then separated on a 6.5% 
5 SDS-polyacrylamide gel. Following electrophoresis the proteins were electrotransferred 
to an ImmobilonCD membrane using a transfer buffer consisting of 10 mM CAPS 
containing 10% (v/v) methanol pH 1 1.0. Transfer was achieved in 75 min using a 
current of 0.8 mA cm" 2 . Proteins were detected by staining using Quick-Stain according 
to the manufacturer's instructions. 

10 

Direct N-Terminal sequencing of the purified 13-HPOL sub-units by Edman 
degradation was not possible as the ends were blocked. The protein band, therefore, 
was cut out and incubated in 10 iA of 0.1 M Tris pH 8.2 containing 1 M NaCl , 10% 
(v/v) acetonitrile, 2 mM CaCl 2 and 0.1 /ug trypsin (which cleaves specifically on the 

15 carbonyl side of lysine- and arginine-containing peptide linkages) at 37°C for 15 h. 
After acidification with 1 jul of 10% TFA the solution was injected directly onto the 
HPLC system (RP-300 column, Brownlee). Chromatography solvents were 0.05% TFA 
and 2% acetonitrile in water (solvent A) and 0.045% TFA and 80% acetonitrile in water 
(solvent B). The gradient and flow used were 0 - 5 min 80 iA min" 1 at 2% solvent B; 5 - 

20 65 min 50 /A min 1 at 2 - 65% solvent B, and 65 - 70 min 50 /A min" 1 at 65 - 100% B. 
A 214 was measured in a 200 nl flow cell with a path length of 2 mm. The HPLC-MS 
interface and post column flow splitting are described in Hess et al., 1993. 
HPLC-separated peptides were collected manually for sequence analysis and applied to 
pre-cycled polybrene-treated glass fibre discs. Automated sequencing was done on a 

25 model 477A pulsed-liquid phase sequencer (Applied Biosystems, Foster City, 
California) equipped with a model 120A analyser. 

Results 

The following amino acid sequence information was obtained for three 
individual peptides represented by peaks 12, 13 and 15 of the HPLC analysis: Peak 
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Number 12:Asp-Gly-Asn-Ala-Ser-Val-Ile-Phe-Pro-Leu-Gln (SEQ ID NO: 13); Peak 
Number 13:Asn-Phe-Ala-Met-Asp-Ile-Leu (SEQ ID NO:14); Peak Number 
15:Phe-Leu-Phe-Asn-Phe-Leu-Ser (SEQ ID NO: 15). 

EXAMPLE 3 

DETERMINATION OF THE NUCLEOTIDE AND DERIVED AMINO ACID 
SEQUENCES OF GUAVA 13-HPOL 

Methods 

General DNA Manipulation Methods 

All media preparation, agarose gel electrophoresis, and general cloning methods 
were carried out according to standard methods widely known in the art (Molecular 
Cloning, eds. Sambrook, Fritsch, and Maniatis, 1989) unless otherwise stated. QIAprep 
plasmid kits used for minipreps and QIAquick PCR purification kits were purchased 
from Quiagen Ltd and used according to the manufacturers' instructions. DNA 
sequencing was performed using Prism cycle sequencing reagents from Perkin Elmer 
Ltd and an ABI 373 automatic sequencer. RT- PCR was carried out using an Access 
RT-PCR System kit purchased from Promega UK according to the manufacturer's 
instructions. PCR products were cloned using a pGEM-T Vector kit purchased from 
Promega UK and used according to the supplied instructions. 

Degenerate synthetic oligonucleotides were designed and synthesized based on 
the sense (S) and antisense (A) reverse translations of the three sequences isolated after 
proteolytic digestion of purified 13-HPOL (see Example 2). The degenerate 
oligonucleotides were used (1) to determine the arrangement of these three peptides in 
the primary structure of the enzyme and (2) to generate DNA fragments corresponding 
to the sequences between the peptides. 
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Isolation of genomic DNA 

Frozen leaf material (5 g) was crushed into a powder in liquid nitrogen in a 
pre-cooled pestle and mortar. The nitrogen was allowed to evaporate and the powder 
transferred to a Dounce homogenizer containing CTAB buffer (200 mM Tris-Cl pH 
8.0, 20 mM EDTA, 1.4 M NaCl, 2% hexadecyltrimethylammonium bromide (CTAB) 
(w/v), 1% PVP 40,000 (w/v), 28 mM 2-mercaptoethanol v/v, 20 ml). Several strokes of 
the homogenizer were required to homogenize the powder. The homogenate was 
transferred to a Falcon tube (50 ml) and incubated at 65 °C for 90 min. Chloroform: 
isoamyl alcohol (10 ml, 24:1 v/v) was added and mixed in. The mixture was 
centrifuged at 3,000 g for 60 min which resulted in 3 layers. The upper aqueous layer 
was transferred to a fresh tube and an equal volume of isopropanol added and gently 
mixed. Following centrifugation at 3,000 g for 20 min, the supernatant was discarded. 
The pellet was washed with ethanol: 200 mM ammonium acetate (7:3, v/v, 25 ml) and 
centrifuged as before. The final pellet was resuspended in TE buffer (10 mM Tris-Cl 
pH 7.5, 1 mM EDTA, 0.5 ml) by heating at 65 °C. RNase was added to a final 
concentration of 600 ng/ml and the solution incubated at 37 °C for 1 nr. The yield and 
purity were determined spectroscopically and by agarose gel electrophoresis. 

Isolation of total RNA from guava fruit 

Plant material (1 g) was crushed to a fine powder in liquid nitrogen in a 
pre-cooled pestle and mortar. The nitrogen was allowed to evaporate and the powder 
transferred to a. Dounce homogenizer. Lysis buffer (200 mM Borax, 30 mM EGTA, 10 
mM DTT, 1% w/v SDS, 1% w/v sodium deoxycholate, 2% PVP 40,000, 0.5% v/v 
NP-40, 5 ml at 80 °C) was added and the powder homogenized. The homogenate was 
transferred to a Universal flask (30 ml), and proteinase K (125 /Ltl @ 20 mg/ml) added. 
This mixture was incubated at 42 °C for 90 min with shaking sufficient to mix the 
contents without excessive foaming. Aliquots of the mixture (1ml) were transferred to 
microcentrifuge tubes (1.5 ml) and a solution of KC1 (1 M, 190 /ul) added. After 
mixing, the tubes were incubated on ice for 1 h and then centrifuged for 10 min. 
Aliquots (0.5 ml) were transferred to fresh microcentrifuge tubes and LiCl (4 M, 0.5 



ml) added. Following mixing, the tubes were incubated at 4°C overnight. After 
centrifugation for 10 min, the supernatant was discarded. The pellets were washed with 
LiCl (2 M, 200 /^l) and centrifuged as before. The supernatant was discarded and the 
pellets resuspended in TE buffer (200 /A). The samples were pooled and the RNA (970 
5 ug) quantified by UV spectrophotometry. 

Purification of messenger RNA (mRNA) from total RNA 

mRNA (18.8 ^g, 1 -9% yield) was purified from the total RNA by using an 
mRNA purification kit (Pharmacia Biotech) as described by the manufacturer. The kit 
1 0 uses spun columns of oligo(dT)-cellulose that bind the polyadenylated RNA (mRNA) 
by affinity interaction. 

Construction and screening of a cDNA library from immature guava fruit 

Construction of the cDNA library was carried out using the ZAP-cDNA 
15 Gigapack II Gold Cloning Kit from Stratagene Ltd. following the provided protocols. 
Accordingly, a sample of total RNA (831 /ug) was prepared from immature guava fruits 
(2 g) as described above. The mRNA (8.6 ^g) was isolated (see above) from the 
majority of this material (670 /ug). The yield (1.2%) is in agreement with those from 
other eukaryotic sources. Five ng of this mRNA was used to construct a cDNA library 
20 in the directional vector 1ZAP (Stratagene, Cambridge). The original library of 7.3 x 10 
clones was amplified to give a stable stock of phage at ~5x 10 plaque forming units/ml 
(pfu/ml). 

Polymerase chain reaction (PCR) 
25 Several sets of conditions were used to perform PCR depending on the template 

and oligonucleotides used as well as the number of cycles and the temperatures of the 
various steps. The reaction conditions were the same in all cases with the only 
variations being in template concentration, oligonucleotide concentration, number of 
cycles, temperatures used in each cycle and total volume of the reaction. The conditions 
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used were: 50 mM KC1, 10 mM Tris-Cl pH 9.0 (at 25°C), 0.1 % Triton X- 100 (v/v), 1 
mM MgCl 2 , 200 pM dNTP's, 25 U/ml Tag DNA polymerase. 



The following cycle parameters and template and oligonucleotide 
5 concentrations for the various PCRs were as follows: genomic DNA with degenerate 
oligonucleotides (0.5 ug template; lnmole oligonucleotide; 60 cycles of start at 94°C 
for 1 min duration, of annealing at 45°C for 1 min, of elongation at 72°C for 1 min); 
pGEM13-15 with degenerate oligonucleotides (2ul miniprep DNA template; 0.4 
nmoles oligonucleotide concentration; 20 cycles of start at 94°C for 1 min, of annealing 
10 at 45°C for 0.5 min, of elongation at 72°C for 0.5 min); genomic /pGEM13-15 with 
J2 Guvl3&Guvl5a (0.5 ug or 1 ul miniprep DNA template; 1 nmole oligonucleotide; 30 

O cycles of start at 94°C for 1 min, of annealing at 50°C for 1 min, of elongation at 72°C 

-v for 1 min). Conditions similar to those used for genomic /pGEM13-15 with 

Guvl3&Guvl5a were used for the following except as specifically noted: RACE PCRs 
M- 1 5 (either 1 ul of A, DNA or 5 ul of A, phage supernatant with 30 and 60 cycles, 

f=l respectively, and with 0.01 nmoles of oligonucleotide); screening RACE clones (1 ul 

!z miniprep DNA, 0.05 nmoles oligonucleotide, and 10 cycles); nested PCRs (5 ul 

yo cleaned PCR as template, 0. 1 nmoles oligonucleotide, annealing temperature of 54°C, 

' and 20 cycles); screening PCR (1 ul miniprep DNA, 0. 1 or 0.05 nmoles 

20 oligonucleotide, annealing temperature of 54°C for 10 cycles); PCRs with the second 
set of degenerate oligonucleotides (0.5 ug genomic DNA or 5 ul A phage supernatant, 
0.25 oligonucleotide concentration, and 60 cycles). In control reactions, either 
oligonucleotides or template were omitted, but the corresponding volume of water was 
added. 



PCR was performed using single oligonucleotides or six pairs of 
oligonucleotides both with and without genomic DNA as template. The pairs of 
oligonucleotides were termed 12S&13A, 12S&15A, 13S&15A, 13S&12A, 15S&12A 
30 and 1 5S&1 3 A. For each of the 6 possible arrangements of the peptides in the primary 



structure of the enzyme, one would expect a different set of PCR products from the 
reactions. For example, if the arrangement of the peptides was 12-13-15 then the 
12S&13A, 12S&15A and 13S&15A PCRs would give products with the 12S&15A 
product being almost the same size as the other two products added together. After 
5 some degree of optimization, products were visible in these reactions and unique 
products could be observed on a 2% agarose gel of these reaction products. 

The agarose gel showed only 2 unique bands, in the 13S&12A and 13S&15A 
lanes. The 13S&15A product was bigger than the 13S&12A product. This suggested 

10 that the orientation of the peptides was 13-12-15. From this, it was expected that a 
unique product would be observable in the 12S&1 5A reaction. The product observed 
was smaller than either of the other two unique products, suggesting that the 
arrangement of the peptides was 13-12-15, with 12 and 15 being very close together. 
Calculating the sizes of the PCR products from their mobility on an agarose gel gave 

15 the following sizes:13S&15A, -160 bp; 13S&12A, -140 bp; and 12S&15A, -50 bp. 
The size of the unique products indicated that the sequence data would not be a major 
part of the gene sequence. 

The 13S&15A unique product was purified from an agarose gel and used in a 
20 ligation with pGEM-T (Promega, Southampton), a vector designed for the efficient 
cloning of PCR fragments by the T-tail method (See Promega technical Bulletin TB 
150). Two clones were picked and used as template in PCRs with 13S&12A, these 
clones produced products with the same size as the 13S&12A product observed with 
the genomic DNA template. This confirmed that the cloned 13S&15A fragments did 
25 contain the DNA sequence of peptide 12. The resulting plasmid was named 

pGEM13-15. Plasmid DNA was sequenced and the amino acid sequence derived 
(codons 151 to 204 in Figure 2). 
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This sequence confirmed the following assumptions: (1) the three peptides were 
from the same peptide chain; (2) the cloned DNA fragment was part of the gene 
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encoding these peptides since the coding sequences for all three were present as part of 
an open reading frame; and (3) the peptides were very close within the primary 
structure of the enzyme. Each peptide was cleaved at a lysine residue, as expected from 
the use of trypsin during the proteolytic digestion of the purified lyase. See Example 2. 

A search of the SWISS-PROT and PATTCHX protein databases with the amino 
acid sequence from this fragment failed to show any protein with a high level of 
similarity. The degree of dissimilarity between the guava derived sequence and allene 
oxide synthases suggested that the cloned sequence did not come from a guava allene 
oxide synthase but from the desired lyase gene. The cloned sequence allowed the 
design of oligonucleotides that were specific for the lyase gene. The sequences chosen 
were from within the determined sequence rather than from the ends since the ends 
were derived from the degenerate oligonucleotides and thus did not necessarily 
represent the actual guava DNA sequence. 

EXAMPLE 4 

MOLECULAR CLONING OF THE GENE ENCODING GUAVA 13-HPOL 
Results 

Reverse Transcriptase Polymerase Chain Reaction (RT-PCR) 

First strand cDNA was synthesized from either total or poly(A)+RNA using an 
oligo-d(T)- adaptor (Table 3, summarizing reaction conditions). The first strand 
cDNA was then used directly in PCR reactions without purification (Table 4, 
summarizing reaction conditions). The reaction conditions were the same in all cases 
except for the amount of template used and DNA polymerase (either AmpliTaq DNA 
polymerase (Perkin Elmer) or Expand High Fidelity (Boehringer Mannheim)). 



Table 3 
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- Reaction Conditions Used for Reverse Transcriptase (1 hour at 30 °C) 



Component 


Amount Used 


Total RNA form immature fruit or mRNA pre-treated at 65 °C for 5 
min 


5 ug 
1 ug 


Oligo-dT adaptor ( 5 ATG AAT TCG GTA CCC GGG ATC CTT 
TTT TTT TTT TTT TTT 3 ) 


80 pmoles 


5 x first strand buffer 


10 ul 


DTT 


ImM 


dNTP 


1 mM for each 


RNAsin 


50 units 


M-MLV-RT 


400 units 


Water 


to 50 ul 



15 

Table 4 - Reaction Conditions Used for PCR 



| Component 


Amount Used 


| guava cDNA (added at 80 °C) 


20-100 ng 


dNTP 


200 uM for each 


KC1 


50 mM 


1 MgC12 


3 mM 


Tris-HCl 


10mM,pH8.3 


1 upstream primer 


20 pmoles 


] downstream primer 


20 pmoles 


1 Taq polymerase 


1.25 units 


1 Water 


to 50 ul 


1 Reaction cycle parameters 


-94 °C, 2 min; 1 cycle 

-57 to 62°C, 1 min; 72°C, 1 min; 

94 °C, 1 min; 30 cycles 

-72 °C. 10 min: 1 cvcle 



30 Synthesis of Lyase Specific Oligonucleotide Primers 

Specific oligonucleotide sequences corresponding to sections of the nucleotide 
sequence of the partial guava clone described in Example 3 were synthesized using 
methods known in the art (Sambrook et al., 1989). 
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5' Rapid Amplification of cDNA Ends (5' RACE) 

Specific RNA sequences from mRNA (1 yg) were converted into first strand 
cDNA using a 5' RACE system (GibcoBRL) as described by the manufacturer. 

Cloning and sequencing of the 3' end of the transcript using 3' RACE 

The 3' RACE (Rapid Amplification of cDNA Ends) method utilizes a 
gene-specific upstream primer for PCR, and a downstream primer based on the 
"adaptor sequence" at the 5' end of the primer used in the reverse 
transcriptase-catalyzed synthesis of the cDNA. The cDNA was prepared using total 
guava RNA (5 pig) and a gene-specific primer. 

3'RACE reactions were carried out at an annealing temperature of 57 °C. The 
first round PCR was primed with guava cDNA (1 yX, corresponding to an original 
0.1/ig of total RNA). A gene-specific upstream primer was used with an oligo-adaptor 
downstream primer. The oligo-dT anneals to the poly-A tail of the mRNAs and the 
"adaptor" part is another 20 bases of known sequence tagged on the 5' tail of the primer. 
This sequence was later used as downstream primer for 3' RACE, while the upstream 
primer was based on the sequence identified in Example 3. No band was obtained when 
the reaction products were run an agarose gel. 

A second round PCR reaction was primed with the first round reaction products 
(0.1 yX) and a gene-specific primer as a nested upstream primer (a nested primer is one 
that corresponds to a sequence within those used in the first round). The downstream 
primer was either the oligo-adaptor or one of two gene-specific primers, termed A7205 
or A7206, the latter two being complementary to the sequence of the putative 3' UTR 
(UnTRanslated sequence) obtained as in Example 3. 
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A third round PCR reaction was primed with the second round product (0.1 /A, 
amplified with A7099 and the oligo-adaptor as primer). A third gene-specific nested 
upstream primer (A7203) and the oligo-adaptor were used as primers. 

5 Cloning and sequencing of the 5' end of the transcript using 5' RACE 

Given that the cloning of the 3' end of the transcript required three rounds of 
PCR and that there was an appreciable amount of contamination of the total RNA 
preparation with putative genomic DNA, fresh RNA was prepared and then a poly-A + 
selection was performed prior to cDNA synthesis for 5' RACE. The hot borate 
1 0 extraction procedure (Wan and Wilkins, 1 994) was used to recover total RNA. This 
proved far superior to the standard method based on guanidinium thiocyanate and 
phenol-chloroform (Chomczynski and Sacchi, 1987). Poly-A + selection was carried out 
as described above. 



15 The cDNA synthesis for 5' RACE was accomplished using a kit (GibcoBRL) as 

described by the manufacturer. This technique facilitates the isolation and 
characterization of 5' ends from low-copy messages as it utilizes a gene-specific primer 
for first strand cDNA synthesis. 



20 First strand cDNA synthesis was primed using the lyase gene-specific antisense 

oligonucleotide A7204. This permitted cDNA conversion of the mRNA (1 jag) from 
immature guava fruits. The first strand cDNA product was purified and then reacted 
with a terminal deoxynucleotide transferase enzyme (TdT, GibcoBRL) to add 
homopolymeric dC tails to the 3' ends of the first strand cDNA. 



The tailed cDNA was then amplified by PCR using another lyase-specific 
oligonucleotide and an anchor primer that allowed amplification from the 
homopolymeric tail. The annealing temperature used in these PCR reactions was 60 °C. 
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Cloning and sequencing of the full-length cDNA 

Gene-specific primers were synthesized to correspond to the putative start of the 
coding sequence (two different methionines were selected) and at the stop codon. A 
Kozak consensus sequence for translation initiation was included in the upstream 
primer (Kozak, 1989). In addition to this, the restriction sites BamRl and EcoBl were 
incorporated at the 5' and 3' ends respectively for future sub-cloning work. 

The primers for this work were ordered with the DMT (dimethoxy-trityl) 
protecting groups still in place. They were purified by HPLC (Brash et al., 1996), then 
deprotected and quantified by UV spectroscopy prior to use in PCR. 

The PCR reaction was primed with guava cDNA prepared from guava mRNA 
(1 pig) and the lyase-specific primers in the following combinations 1) B6966 with 
B6967 and 2) C1914 with B6967. The annealing temperature used was 60°C. For these 
PCR reactions, a special DNA polymerase mixture with proof-reading capabilities was 
used (Expand High Fidelity, Boehringer Mannheim). 

Both PCR reactions, i.e., using the two different upstream primers, gave a band 
of the expected size (1.5 kb). The two different products were subcloned into the 
pCR2.1 vector (Invitrogen) and sequenced. 

Results 

Cloning and sequencing of the 3' end of the transcript using 3' RACE 

The second round PCR reaction gave a unique band with the primer A7205 
(250 bp) and also a unique band (220 bp) with A7206. The difference in size of these 
two PCR products (30 bp) matches the expected distance between the two downstream 
primers A7205 and A7206. Furthermore, the sizes of 220 and 250 bp were exactly what 
was expected by direct cloning of the DNA fragment derived in Example 3. 



28 

The 220 or 250 bp product was, however, too short to encode the full length of 
the remaining 3' coding sequence and 3' UTR of the lyase. The expected size of the 
correct PCR product was at least 950 bp, and it could have significantly longer 
depending on the length of the 3* UTR. This finding was interpreted as indicating that 
5 the original clone was derived from a fragment of genomic DNA that had been cloned 
into the cDNA library. The coding sequence obtained corresponded to an exon, and this 
led into an intron (non-coding sequence, originally suspected to be 3'UTR) immediately 
after the coding sequence for Asn-Ile-Gly. 



20 



During the same series of second round PCR reactions, the reaction using the 
oligo-adaptor downstream primer amplified 2 products (450 and 1,100 bp). The larger 
product is compatible in size to the expected product from the 3' end of the lyase 
cDNA. 

During the third round PCR reaction, a 1,000 bp product corresponding to the 
expected size was obtained. This PCR product differed in size from the second round 
product by 100 bp, which corresponds well to the different positions of the nested 
upstream primers in these two PCR reactions. This 1,000 bp product was sub-cloned 
into the pCR2.1 vector (Invitrogen) and sequenced. 

The sequence showed that the PCR product contained the sequence identified in 
Example 3 together with the remainder of the 3' coding sequence plus 186 bp of 3' 
UTR. 



25 Cloning and sequencing of the 5' end of the transcript using 5' RACE 

Primer C1589 gave a unique band of the expected size (500 bp) as did primer 
C1588 (700 bp). The 700 bp PCR product was sub-cloned into the pCR2.1 vector 
(Invitrogen) and sequenced. 



29 

Cloning and sequencing of the full-length cDNA 

The complete sequence of the product of the PCR reactions is shown in Figure 
2. The translated sequence encodes a total of 488 amino acids corresponding to a 
protein with a calculated molecular weight of 54,817 Daltons, a molar extinction 
5 coefficient (at 280nm) of 63,590 ± 5%, and an isoelectric point of 7.29. 



EXAMPLE 5 

EXPRESSION OF THE GENE ENCODING GUAVA 13-HPOL 

Bacterial transformation 

The full-length cDNA clone of 13-HPOL (See Figure 2) was inserted into the 
Escherischia coli expression plasmid pET30b (Novagen). The pET30b system contains 
a sequence that "tags" the expressed protein with a number of histidine residues. This 
provides a means of purifying the protein by affinity chromatography using a nickel 
ligand. 

Accordingly, the pET30b plasmids and the pCR2.1 clone containing the 
13-HPOL cDNA were linearized with 2 different restriction enzymes (BamHI and 
Hindlll) and then ligated together. The pET3 Ob: 13-HPOL constructs were used to 
transform E. coli strain BL21 (Novagen). 

Expression of 13-HPOL in transformed E. coli cells 

The transformed BL21 cells were cultured overnight at 37 °C and 280 rpm in 
LB medium (3 ml, prepared by dissolving tryptone (10 g), yeast extract (5 g), and NaCl 
(10 g) in 1 liter of water, adjusting the pH to 7.0 and autoclaving). The antibiotic 
kanamycin (30 mg) was added aseptically after autoclaving. A portion of the resulting 
culture (0.2 ml) was then transferred to Terrific Broth (TB, 10 ml, prepared by 
dissolving bacto-tryptone (12 g), bacto-yeast extract (12 g), and glycerol (4 ml) in 
deionized water (900 ml), autoclaving and then adding a sterile solution (100 ml) 
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containing 50ug/ml kanamycin, 0. 17 M KH 2 P0 4 , and 0.72 M K 2 HP0 4 ) and allowed to 
grow until the optical density at 260 nm (OD 260 ) reached 0.6. This culture was used to 
inoculate 50 ml of TB containing 50 ug/ml of kanamycin, which was then placed at 
28 °C and 200 rpm and a heme precursor, 5- aminolevulinic acid (1 mM), was added 
followed by the inducer IPTG (0.4 mM) one hour later. The induced cultures were left 
for a further period of time (4 or 16 hours) and the cells harvested by centrifugation 
(5,000 rpm for 7 min at 4°C). The precipitated cells were washed by resuspending them 
in Tris-HCl buffer (50 mM, pH 7.9) followed by recentrifugation as before. 

The resulting pellet of cells was resuspended in Tris-acetate buffer (0.1 M, pH 
7.6) containing sucrose (0.5 M), EDTA (0.5 mM) and lysozyme (1 mg/ml). After 30 
min on ice, the mixture was centrifuged as before to obtain a pellet of spheroplastes. 
These were resuspended in potassium phosphate buffer (0.1 M, pH 7.6) containing 
magnesium acetate (6 mM), glycerol (20% v/v) and DTT (0.1 mM) and the mixture left 
for 10 min at -80 °C. Following this, a protease inhibitor was added (PMSF, 1 mM) and 
the cells sonicated (2 x 30 seconds). 13-HPOL activity was readily detected in this 
sonicate using the methods described herein. 

SDS-PAGE analysis of 13-HPOL expression 

Proteins from the transformed and induced cells were compared by SDS-PAGE 
with those from control cultures. The results from the analysis of the pET30b: 
13-HPOL constructs in E. coli strain BL21 clearly showed that a huge amount of 
protein with the expected molecular weight (54 kD) had been made. 

EXAMPLE 6 

EXPRESSION OF VARIANTS OF THE GENE ENCODING 

GUAVA 13-HPOL UNDER VARIED CONDITIONS 

Four different cDNA clones of 13-HPOL (13-HPOL-Metl, -Met6, -Met9, - 
Metl3) were inserted into the E. coli expression plasmid pET30b. The pET30b.T3- 
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HPOL were used to transform E. coli strain BL21 (Novagen) under various conditions. 



Methods 

Bacterial strain and plasmid 

The bacterial host strain BL21(DE3) : (F- ompT hsdSB (RB-mB-) gal dcm 
(DE3)) and pET30b plasmids were obtained from Novagen. 

Constructs 

Four expression plasmids (pET30b : 13HPOL-Metl, -Met6, -Met9 and -Metl3) 
were made according to procedures well known in the art (e.g., Sambrook et al., 1989) . 
Construct pET30b:13HPOL-Metlwas made as follows: cDNA encoding the 13-HPOL- 
Metl in pCR2.1 was cut with BamHI and Hindlll and subcloned into the expression 
vector plasmid pET30b (digested also with BamHI and HindHI). The 13-HPOL-Metl 
construct was used to transform E. coli strain XLI-Blue by heat shock. Colonies 
obtained after transformation were grown in 2 ml of LB medium containing 30 ng/ml 
of kanamycin at 37°C overnight and plasmid DNAs were purified using a Qiagen 
Plasmid Kit. The plasmid DNA was cut with BamHI and HindHI to screen for the 
correct plasmid DNA, pET30: 13-HPOL-Metl. Then, the plasmid DNA was used for 
transformation of E. coli strain BL21(DE3) to express the 13-HPOL. 

Constructs pET30b:13-HPOL-Met6, -Met9, -Metl3 were made using the 
construct pET3 Ob: 13-HPOL-Metl. PCR products of approximately 680 to 700bp of 
Met6, Met9, and Metl3 with BamHI and Mscl cleavage sites were each subcloned into 
pCR2.1 and subsequently digested with BamHI Mscl. The pET30 digestion product of 
pET30: 13-HPOL-Metl and the PCR digestion product of the preceding step were 
purified and ligated to form Constructs pET30b:13-HPOL-Met6, -Met9, -Metl3. 

A PCR reaction was carried out under the following conditions: 20-1 OOng of 
cDNA, lul dNTP lOmM, 5ul PCR buffer (lOx) with 15mM MgCl 2 , 5 ul of 4uM 
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primer downstream, 0.75 Expand ™ High Fidelity, Boehringer Mannheim, and water 
up to 50 ul. The PCR buffer (lOx; Expand™ High Fidelity) consisted of 20mM Tris- 
HC1 (pH7.5), lOOmM KC1, ImM DTT (dithiothreitol), O.lmM EDTA, 0.5% (v/v) 
Tween 20, 0.5% (v/v) Nonidet P40, and 50% (v/v) glycerol. The reaction was primed 
with the cDNA encoding the 13-HPOL-Metl in pCR2.1 and using as primer either (1) 
Guava-up-Met6 ( 5 GCG GAT CCG GCC ATG AGC AAC ATG TCG 3 ) (SEQ ID 
NO: 16) and Guava-down ( 5 AAT GTT GAT GGT GGG GAG GAG 3 ') (SEQ ED 
NO: 17), (2) Guava-up-Met9 ( 5 GCG GAT CCG GCC ATG TCG CCG GCC AT 3 ') 
(SEQ ID NO: 18) and Guava-down, or (3)Guava-up-Metl3 ( 5 GCG GAT CCG GCC 
ATG TCG TCC ACC TAC 3 ') (SEQ ED NO: 19). 

In each PCR reaction, a unique band was amplified which corresponded to the 
first 680-700 bp of the 13-HPOL starting from methionine in position 6, 9, or 13. After 
purification (QIAEX II gel extraction kit), each DNA fragment was subcloned into the 
vector pCR2. 1 and sequenced. 

Preparation of bacterial cultures 

The bacterial cultures were prepared according to the method of Hoffman et al. 
(1995). Specifically, a single bacterial colony from a complex agar plate containing 30 
ug/ml of kanamycin was grown in 1 ml of LB medium containing 50 ug/ml of 
kanamycin for 3 hours at 37°C. A small aliquot (200 ul) of this culture was then used to 
inoculate 10 ml of LB or TB containing 50 ug/ml of kanamycin and the culture was 
again grown at 37°C. After 3 hours, this culture was used to inoculate 50 ml of LB or 
TB medium containing 30 ug/ml of kanamycin and with or without 1 mM of 8- 
aminolevulinic acid (8- ALA). 

The culture was grown at 15°C, room temperature (23°C) or 28°C. After 1 hour, 
the inducer isopropyl-p-D-thiogalactopyranoside (EPTG, 0.4 mM) was added or not. 



33 

The culture was grown 4 hours, 24 hours or 48 hours at 15°C, room temperature (23°C) 
or 28°C. 



The bacterial cells were centrifuged at 4°C for 10 min (5,000 rpm). The 
5 precipitated cells were washed by resuspension in 1 0 ml of Tris-HCl buffer 50mM 
pH7.9 and were centrifuged as before. Sonicates were prepared as described in 
Example 5. 



The activity of the 13-HPOL expressed in the BL21 cells was measured using 
the spectrophotometric assay and by HPLC as described above. The sample was 
diluted 10-fold, and 5 or 10 ul aliquots were assayed using 4-5 mg of 13(S)- 
hydroperoxylinolenic acid in 0.5 ml of potassium phosphate pH 7.4. The decrease in 
absorbance at 235 nm was immediately recorded. The activity was verified using GC- 
MS of the volatile C-6 product as described above. No activity could be detected in the 
negative control, which consisted of the sonicated protein preparation obtained from the 
BL21 cells transformed with pET30 only. 



Results 

The results are shown in Table 5. At 1 5 °C, no lyase activity was detectable. 
20 The activity at 23 °C was higher than at 28 °C. Activities were highest after 48 hours of 
culture. The best activities were obtained without S-ALA and without IPTG. Thus, in 
the system used here, with the pET30 plasmid and its T7 RNA polymerase promoter, 
and with the cells grown in a rich medium (TB), addition of heme precursor or IPTG 
inducer does not help with expression of active lyase. 
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Table 5 - Activity of 13-HPOL-Metl after expression in E. coli cells in different 
conditions of culture 





Activity (OD. min" 1 ) 




4 hours 


24 hours 


48 hours 




23°C 


28°C 


23°C 


28°C 


23 °C 


28°C 


+8-ALA 
-IPTG 


0.55 


0.32 


1.9 


1.01 


2.35 


1.13 


-5- ALA 
-IPTG 


0.7 


0.45 


2.34 


1.44 


3.01 


2.6 


+8-ALA 
+IPTG 




0.27 




0.4 






-8- ALA 
+EPTG 




0.14 




0.24 







Proteins from the transformed and induced cells were compared by SDS-PAGE. 
A very high amount of protein (accounting for more that half of the total cellular 
protein) with the expected molecular weight was expressed under all the different 
conditions of culture. Relatively lower amounts of protein, but the highest lyase 
activity, were obtained when the cells were grown without 5- ALA and IPTG. This may 
reflect the fact that there is a very high basal induction in this system. Including a 
further stimulus for protein expression resulted in even lower recovery of correctly 
folded protein with catalytic activity. In fact, when the cells are examined under the 
microscope, many inclusion bodies were seen. The number of inclusion bodies was 
highest in cells grown with IPTG, in agreement with the concept that the bacteria 
cannot handle this level of expressed protein. 

Substrate specificity of the expressed pET30: 13-HPOL-Metl was examined by 
incubating an aliquot of sonicated preparation with the following substrates: 13(5)- 
hydroperoxylinoleic acid; 9( i S)-hydroperoxylinoleic acid; 13(5)-hydroperoxylinolenic 
acid; 15(S)-HPETE, which is the 1 5-hydroperoxide of arachidonic acid. The results 
showed that the metabolism of the 9(5)-hydroperoxylinoleic acid and 15(5)-HPETE by 
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the 13-HPOL-Metl is low in comparison to the rate of reaction with 13(5)- 
hydroperoxylinolenic acid. In addition, the 13-HPOL-Metl is at least 10-times more 
active with 13-(<S)-hydroperoxylinolenic acid as the substrate compared to 13- 
hydroperoxylinoleic acid. 

The expressions of pET30: 13-HPOL-Metl, -Met6,-Met9 and -Met 13 were also 
compared. To compare the activities of the four pET30:13-HPOL constructs, the 
plasmids were expressed under identical conditions. Each was assessed for lyase 
activity (UV assay) and the level of protein expression (SDS-PAGE). The results from 
two independent experiments showed that these 4 different enzyme constructs were 
expressed at similar levels. All four constructs gave active lyase, although with a three- 
fold range of activities. The Met9 and Metl3 gave the highest activities, 0.90 and 0.92 
OD.min" 1 , respectively. Met6 activity was 0.60 OD.min" 1 . Metl activity was lowest at 
0.30 OD.min" 1 . 

EXAMPLE 7 

CLEAVAGE OF 13-HPOD TO HEXANAL USING RECOMBINANT GUAVA 
13-HPOL 

Methods 

A solution of 13-HPOD (55 g/1) was made as described in U.S. Patent No. 
5,464,761 and diluted 10 fold with buffer (0.1M potassium phosphate, pH 8.5). Three 
different quantities of recombinant 13-HPOL were added to the diluted 13-HPOD 
solution in order to analyze the amount of 13-HPOD cleavage by the recombinant 
protein. Thus, either 0, 10, or 25 ul of the 13-HPOL containing bacterial lysate (see 
Example 5) were added to 2 ml of the diluted 13-HPOD solution, which contained 1 1 
mg of 13-HPOD. In samples without bacterial lysate, the lysate was replaced with 10 
/A of distilled water. The samples were stirred for 30 min at room temperature (20 °C). 
Each sample was then extracted once with 2 ml of diethylether containing 137 mg/1 n- 
hexanol as an internal standard. Subsequently, 1 ul of the organic extract was injected 
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onto a 15 M SPwax gas chromatography column using the following temperature 
program: 50°C for 2 min and ramp tol60°C at 5°C each minute. The amount of 
hexanal formed was calculated by comparison of the hexanal peak area to that of the 
internal standard. 

5 Results 

The amount of hexanal in the control samples, which contained no 13-HPOL 
containing bacterial lysate, was 61 mg/1. The hexanal in the control samples was 
formed by the soy flour used in the preparation of the 13-HPOD substrate. Thus, 61 
mg/1 was subtracted from the total amount of hexanal in the samples to determine the 
1 0 amount of hexanal formed by the recombinant 1 3-HPOL in the bacterial lysate. The 
amount of hexanal formed by the recombinant 13-HPOL in 10 ul of bacterial lysate 
was 140ug. By extrapolation, one liter of lysate would produce 14 grams of hexanal. 



Throughout this application, various publications are referenced. The 
1 5 disclosures of these publications in their entireties are hereby incorporated by reference 
into this application in order to more fully describe the state of the art to which this 
invention pertains. 



Although the present process has been described with reference to specific 
20 details of certain embodiments thereof, it is not intended that such details should be 
regarded as limitations upon the scope of the invention except as and to the extent that 
they are included in the accompanying claims. Thus, the preceding examples are 
intended to illustrate, but not limit, the invention. While they are typical of those that 
might be used, other procedures known to those skilled in the art may be alternatively 
25 employed. 
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